Abstract: We define "constructed observables" as relating experimental measurements to terms in a Lagrangian while simultaneously making assumptions about possible deviations from the Standard Model (SM), in other Lagrangian terms. Ensuring that the SM effective field theory (EFT) is constrained correctly when using constructed observables requires that their defining conditions are imposed on the EFT in a manner that is consistent with the equations of motion. Failing to do so can result in a "functionally redundant" operator basis 1 and the wrong expectation as to how experimental quantities are related in the EFT. We illustrate the issues involved considering the S parameter and the off shell triple gauge coupling (TGC) verticies. We show that the relationships between h → Vf f decay and the off shell TGC verticies are subject to these subtleties, and how the connections between these observables vanish in the limit of strong bounds due to LEP. The challenge of using constructed observables to consistently constrain the Standard Model EFT is only expected to grow with future LHC data, as more complex processes are studied.
Introduction
Run one at LHC discovered a Higgs-like boson, and beyond the Standard Model (BSM) particles where not discovered, for masses 1 TeV. This has led to interest in effective field theory (EFT) approaches to Standard Model (SM) processes. In this paper we discuss a subtlety that is present when constraining higher dimensional operators in an EFT, using an operator basis reduced by the Equations of Motion (EoM).
We will illustrate this point with the Standard Model effective field theory (SMEFT), which assumes that SU(2) × U(1) Y is linearly realized in the scalar sector, and that this symmetry is spontaneously broken by the SM Higgs. The dimension six operators are suppressed by 1/Λ 2 . LHC results indicate Λ ≫ v = 246 GeV, which provides a straightforward EFT expansion. The minimal classification of higher dimensional operators for this theory was given in Ref. [1] , which further reduced the operator basis of a previous classification [2] , by the classical EoM for the SM fields. Although the reduction of the basis is a useful step, when considering experimental constraints on the reduced basis, subtleties can appear. Figure 1 . An example of a functional redundancy. An operator basis can be chosen that maps parameters characterizing differences in the coupling of the W and Z to leptons into another sector of the field theory, where these parameters contribute to an anomalous TGC vertex. (Parameters can be mapped from the dot in the diagrams above to the box with the EoM.) Subsequently, using a TGC vertex bound, naively constrains these parameters in the SMEFT. Some of the parameters apparently constrained in this manner are functionally redundant, as in the middle two diagrams the production and decay of the W, Z is simultaneously assumed to be SM like. (When experimental bounds are constructed on the parameters in the box, the dot is assumed to be SM like.) This procedure is inconsistent and does not constrain a flat direction due to LEP Z pole data that can modify h → V F decay, when V = W . Unphysical field redefinitions, or an operator basis choice, do not make this procedure consistent.
Here we discuss one such subtlety. The invariance of field theories under field redefinitions [3] [4] [5] [6] shows that an operator basis is unphysical. At the same time when constraining the SMEFT at the Lagrangian level, there is a conservation of constraints in changing basis. When observables are constructed from the data, with a series of assumptions imposed about the nature of possible deviations in the SMEFT, i.e under the assumptions that certain parts of Feynman diagrams are as in the SM, these defining conditions can introduce subtle constraints onto the field theory. 1 The theory can be properly constrained if the defining conditions of the observables are incorporated in a basis independent manner, in conjunction with the constructed experimental bound. Failing to do so can lead to a functionally redundant operator basis, in that the number of parameters present in the Lagrangian is inconsistent with the assumptions required to incorporate the bound from a constructed observable. 2 A concrete example of a functional redundancy is given in Fig 1. We illustrate the basic issues involved in Section 2. Constraints due to LEP data on the SMEFT are discussed in Section 3. The impact of the defining conditions for the oblique electroweak precision data (EWPD) S parameter, and the off shell TGC verticies are discussed in Section 4. We then show that reporting the relationship between the differential spectra in h → Vf f decay 3 and off shell TGC verticies has a potential basis dependence due to this issue, and how to resolve this problem by taking into account constraints of this form in Section 5. We find that in the limit of strong constraints from LEP data (we define this limit precisely below), off shell TGC verticies are not related to h → Vf f decay spectra.
Our results make clear that data analyses can benefit from using (at least) two bases, with careful attention paid to the EoM mapping between them. 4 The subtlety discussed here is relevant to future efforts to obtain more precise constraints, from more complex final state studies at LHC. In analyzing such processes, constructed observables will be extracted if simplifying assumptions that do not generate Ward identities are made about the nature of possible deviations from the SM.
Operator relations due to the EoM
We adopt notation for the linear SMEFT consistent with Ref [7] [8] [9] [10] [11] [12] .(With the shorthand
, and assuming the conservation of baryon and lepton number. Taking into account flavour indicies, there are 2499 parameters to constrain in L (6) , as shown in Ref. [10] . Despite this large number, the EoM have been used extensively to reduce the number of parameters to a minimal set. The SM EoM are summarized in the Appendix.
It is well known that a choice of operator basis is arbitrary and cannot effect a physical conclusion, such as how strongly constrained an EFT is by an experimental measurement. Considering the EoM makes clear the requirement of thinking of a Wilson as an ensemble parameter that can obtain experimental constraints from all possible measurements that can constrain the parameter in any basis.(So long as measurements are not reused.) The EoM can also make clear the consequences of defining conditions for constructed observables. Careful use of the EoM is the easiest way to avoid a functional redundancy. A simple example of the ensemble nature of the Wilson coefficient, and how the EoM can be useful, is afforded with the dimension six operator
this operator can be converted via Eqn A.1 to
Define R = L (6) + C E E H and applying Eqn 2.2 to reduce R to L (6) gives the following parameter redefinitions at a chosen scale
3)
The hermetian conjugate Wilson coefficients of C uH , C dH , C eH are similarly shifted. Now consider two bases. In the first, one choses to remove Q H in favour of E H , in the second one choses to remove E H in favour of Q H . The Wilson coefficients are identified when changing basis in this case: C E ≡ −4 λC H . The same parameter in the field theory can obtain direct constraints from measurements that constrain C H in basis one, and C H in basis two, even thought the field content present in the operators differ. The constraints obtained in the two bases are related by the EoM, and the strongest constraint is relevant for the optimal basis independent bound on the EFT. A functional redundancy would be present if the parameter C E is retained, while simultaneously a constructed observable was used to constrain the field theory that assumed C H = 0. This point holds for more complicated basis changes. Two bases of operators are of interest in the following sections, the basis of Ref. [1] , and the basis used in Ref. [13] . The former will also be referred to as the standard basis. 5 We will denote the operators in the later basis with O labels to avoid confusion. Define the Wilson coefficients to be
C i and P i have mass dimension −2. The operators that are present in the Q i but not the O i are given by
The operators that are present in O i and not in the Q i are given by
The relevant relationships between the operators in these basis are completely given in Ref.
[10] (see Appendix B). 6 The transformation from the standard basis to the O i basis is derived using the SM EoM, and found to be
Some parameters are only redefined changing basis, and a constraint is lost in the arbitrariness of redefining parameters. This is not always the case. Considering the case of interest, we find the mapping
These parameters in the O basis are identified with alternate parameters in the standard basis. 7 The choice that has been made in constructing this basis is to remove operators directly related to V decay and phenomenology, and to map possible differences in Z and W couplings to leptons in the SMEFT to a different sector of the field theory. When strong constraints on the parameters C , C HW B are present, this results in a large degree of non intuitive hidden correlations in the P i Wilson coefficients. Of course the converse is also true, constraints on the P i lead to non intuitive hidden correlations on the C i Wilson coefficients. There is no intrinsically intuitive basis, as a basis choice is unphysical. It is well known that setting an operator to zero for a measurement, and removing the same operator with the EoM are not equivalent procedures. A consequence of this fact is that using field redefinitions to attempt to satisfy the defining condition of a constructed observable corresponds to a poor choice of basis. A defining condition is still present for the constructed observable in this case, consistency requires this always leads to a constraint on the field theory. The constraint will simply be non intuitive and the resulting basis can be functionally redundant. Another important consequence of this fact is that removing parameters by field redefinitions, as they are considered to be strongly experimentally bounded and irrelevant for future experimental studies, can also lead to a functionally redundant basis. Using field redefinitions in this manner is in general a mistake.
LEP data
The discussion of the previous section is relevant to efforts to constrain the SMEFT with LHC and pre-LHC (LEP, Tevatron and other EW) data. Considering pre-LHC data, we will take as input parameters the measured values of the fine structure constantα ew (from the low energy limit of electron Compton scattering), the fermi decay constant in muon decayŝ G F and the measured Z mass (m Z ). It is convenient to relate observables in terms of the parameters g 2 , sin 2 θ = g 2 1 /(g 2 1 + g 2 2 ) and the electroweak vev v. Defining at tree level the effective measured mixing angle
then the measured value of a gauge coupling can be inferred aŝ
The measured vev can be defined asv 2 = 1/ √ 2Ĝ F .
Parameter counting and LEP data
The number of parameters present to constrain in the lepton sector are two parameters corresponding to C HW B , C HD , (n 2 g + n 4 g )/2 parameters for the coefficient C ll prst with n g = 3 generations of leptons, and n 2 g parameters for each of C , C He . Finally, the Wilson coefficient of the operator (ē p γ µ e r )(ē s γ µ e t ) corresponds to n 2 g (1 + n g ) 2 /4 parameters. The total number of parameters sums to 110 in the lepton sector in the standard basis.
In the O basis three of these parameters: C HW B , C , are chosen to be mapped to alternate parameters using the EoM operator relations. C HD is exchanged for P T , and the operator Q HW is exchanged for O HW . This leads to a net reduction of two parameters C
Hl tt in some of the well measured EWPD observables.
To constrain L (6) , there are the lepton flavour specific LEP observables A ℓ , R ℓ , σ 0 had , Γ Z , reported results on the ρ parameter, inferred constraints on the EWPD parameters from global fits, and TGC verticies. EWPD and TGC verticies are not directly observable and are discussed in the following sections. In both bases, there are not enough reported measurements to constrain all the parameters model independently.
As a result, simplifying assumptions are made. One can neglect the effects of some four fermion operators, assuming that there are no significant hierarchies in the Wilson coefficients to counteract their relative Γ 2 Z /M 2 Z ∼ 10 −3 suppression, in this case 22 parameters are relevant. Further neglecting parameters related to flavour violation reduces the number of parameters down to ten.
A simplified scenario where all flavour structure in BSM physics is assumed to be vanishingly small is sometimes also considered. This corresponds to adopting a strict U(3) 5 flavour symmetry assumption consistent with MFV [17] in the SMEFT. In this case, n g = 1, and the number of free parameters is trivialized down to seven in the standard basis. Flavour universality in the leptonic decays of the V is the difference between the ten and seven parameters quoted. Further neglecting the (ē t γ µ e t )(ē t γ µ e t ) operator leaves 6 parameters to constrain with LEP data.
Constraints due to LEP data
Predicting observables in the SMEFT, each of the measured input parameters has been shifted from its theoretical value in the SM. This shift has been absorbed into the measured value. To aid in simplifying results, 8 , we introduce the parameters
To leading order in the standard basis, the input parameters are modified as
The introduction of two extra parameters compared to the O basis leads to two purely unconstrained parameters.
Hℓ tt
being present compared to the O basis the pure flat directions do not have to involve these parameters. There is no special basis. 8 In the following discussion we largely follow the analysis of Ref [13] .The main difference is the use of the standard basis, and considering the EOM relations in Eqn 2.8 when comparing results between bases.
9 Note that other directions in the operator parameter space can be numerically less constrained due to accidental approximate cancelations in Eqn 3.5-3.8. We refer to pure flat directions to make this distinction clear. The following discussion is consistent with a careful examination of the results of in Ref [16, 18] . Note the distinction between pure flat directions and approximate flat directions due to numerical accidents is relevant in this comparison. The t-channel ν exchange contribution to σ(e + e − → W + W − ), was included in the fit in Ref [18] . This consistency does not extend to some subsequent literature.
Consider the case of the multiple Wilson coefficients present in δG F , or the relation between T , δG F and C 
With this choice the dependence on C
Hl and δG F is removed in Eqn 3.5-3.8. One can consider the remaining parameters constrained to have fixed relationships due to LEP measurements, and then the above relations represent chosen pure flat directions (in this case v 2 T C He = T ). This choice is arbitrary, as is any other in a system of unconstrained equations. This choice is interesting to consider, when examining off-shell TGC vertex bounds, as in this case the coupling of the W and Z to leptons are physically allowed to differ.
The Wilson coefficient C HW B exactly canceling against the parameters C
(1) Hℓ tt , C
Hℓ tt which has been argued to be relevant to the definition of the S parameter (see Section 4.1), need not correspond to a pure unconstrained direction. If two more measurements are made, all of the parameters appearing in the lepton sector are then constrained.
Lifting flat directions through scale dependence
LEP data is not blind to the pure unconstrained directions resulting from Eqn 3.5-3.8, before considering TGC verticies, as the operators are scale dependent quantities. The full renormalization of the dimension six operators in the SMEFT (with nontrivial flavour structure) has been determined in Ref [8] [9] [10] 12] . Considering the chosen relations in Eqn 3.9, we find the leading scale dependence
where λ = M 2 h /2 v 2 . Here we have assumed C HD − 2 C
Hl vanishes at the scale µ ∼ m Z , and we have neglected mixing with other operators for simplicity. The dependence due to the top Yukawa accidentally cancels. Numerically, running from the Z pole to ∼ 200 GeV for LEP II Z phenomenology, at least a percent level breaking of this relation is already present. The leading breaking of the C HD − C ll chosen relation, neglecting mixing, is similarly
There is some value in performing global EWPD fits, and not neglecting the scale dependence of the Wilson coefficients when considering flat directions. Phenomenology involving V bosons at LHC is also not identical to V phenomenology at LEP in this manner.
10 It is interesting to note the nontrivial effects of the U(3) 5 symmetry on this choice, and the difference in the 10 vs 7 parameters present. In the case where flavour structure is not trivialized, each of the δΓ L(t) Z for t = e, µ, τ has an individual shift in Eqn 3.5. Conversely, in δGF the flavour specific sum C Flat directions in LEP data are sensitive to lepton flavour symmetry assumptions in this manner.
Constructed Observables and basis choice
To further constrain the SMEFT, one can consider bounds on constructed observables. 11 The challenges of constructed observables are well illustrated by the familiar oblique parameters, initially developed in Refs [20] [21] [22] [23] [24] [25] . Using an oblique constraint as well as Eqn 3.5-3.8 would be redundant. We first discuss oblique corrections as they illustrate the challenge of constructed observables more directly than TGC verticies.
In both cases, these quantities are constructed with the assumption that the direct coupling of the V to leptons is SM-like. Consider the consequences of this defining assumption for the effective axial and vector couplings in the SMEFT. With the normalization while in the O basis this corresponds to assuming
The resulting constraints on the field theory when bounds on the oblique parameters are incorporated -derived from experiments -can be basis dependent if this assumption is 11 A somewhat similar concept to constructed observables was recently discussed in Ref [19] . not imposed in a basis independent manner. 12 Expressing an observable in terms of other observables is basis independent. Naively relating an observable to constructed observables is not.
The S parameter
In the PDG [26] (Sec.10) the S parameter is defined aŝ
(4.5)
The hatted parameters in Eqn 4.5 are defined in the MS scheme and conform with the PDG convention. Assuming new physics is heavy enough for an operator interpretation, the S parameter can be mapped to the Wilson coefficient of the operator Q W B [27] , as
In the O basis, the kinetic mixing of the photon and Z due to higher dimensional operators is proportional to P B + P W ; one finds
Using the EoM relations between the Wilson coefficients to change basis
The idea of oblique parameters has an implicit challenge from field redefinitions, which is illustrated by the above equation. This is a point previously discussed, in part, in Ref [14] [15] [16] . At this stage it is important to note that even though the S parameter in the two bases are related as in Eqn 4.8, it does not directly follow that the S parameter always has pure flat directions related to the operators C
Hℓ , C
Hℓ in the standard basis. As explicitly demonstrated in Section 3.2 the pure flat directions need not be related to C HW B .
Nevertheless, the definition of an oblique correction does have the defining assumption of a SM like V coupling to leptons associated with it. 13 In both bases the operator Q He is present, so some version of this defining assumption must always be imposed. One can consider a weak version of this defining condition, where only the combination of parameters present in Eqn 4.3 or Eqn 4.4 are assumed to vanish. 14 A strong version of an oblique parameter defining 12 Notice that the number of constraints that the assumption corresponds to is not even consistent between the bases, when flavour indicies are not ignored.
13 "Oblique" parameters are discussed in Ref [25] as "Vaccum polarizations affect the above interactions by modifying the gauge-boson propagators.... This is the reason why they are called "oblique" corrections as opposed to the "direct" vertex and box corrections that modify the form of the interactions themselves".
14 This limit is fine tuned and is not invariant under the renormalization scale evolution of the theory. The strong version of the oblique parameter defining assumption leads to the definitions in the bases being identified
So long as the standard definition of the oblique parameters [25] is adhered to with the strong defining condition, there is no issue with basis dependence. The weak version of this assumption results in the definitions still differing between bases. This supports imposing the strong defining condition. The PDG Higgs review [28] currently defines the oblique parameter ∆S in a basis dependent manner, proportional to P B +P W . This is equivalent to the definition in Eqn 4.5 in the PDG EW review [26] only when the strong version of the defining condition is imposed. Not imposing this condition changes the definition of this oblique parameter from its standard definition [20] [21] [22] [23] [24] [25] , and introduces a basis dependent constructed observable. Using such a definition is inconsistent with basis independent bounds being obtained on the SMEFT. Finally, we note that in the O basis, the strong LEP bound limit (including a strong constraint on the S parameter) seems to correspond to P B = −P W and C He → 0. But this is an incomplete and basis dependent conclusion. Taking into account the EoM, and the strong LEP bound defining condition of the S parameter, C → 0 gives the non intuitive relationships −P HW = P HB = P W = −P B in the O basis. Not imposting this relationship while assuming the strong LEP bound would lead to a functionally redundant operator basis.
Triple Gauge coupling verticies
Off shell TGC verticies are also not directly observable, like the oblique parameters, they are constructed observables. The TGC vertex Z W + W − requires one of the massive gauge bosons to be off shell. Leading experimental studies of this vertex result from measurements of
where j, ℓ and X are a jet, lepton and missing final state energy [29, 30] . There are many ways to appreciate the distinction between the resulting constructed observable and the cross section measurement. The kinematics of t and s channel exchange are distinct in σ(e + e − → W + W − ). The t-channel contribution dominates at threshold, however at high energies, the s-channel contribution related to the TGC vertex dominates [31, 32] . The potential strength of TGC vertex bounds are directly related to the anomalous growth at high energies that results when the deviations from the SM in the s-channel are introduced. Using a reported bound for a TGC vertex for Z W + W − , the possible effect of L 6 on the t-channel ℓ + ℓ − → W + W − process is set to zero. To obtain the numerical values for the TGC bounds [29, 30] , exclusive processes in Eqn 4.11 are assumed to have a SM like coupling of the V , and final states (including non-leptonic decays of the W ) are combined, to improve statistics. This combination sets to zero possible modifications due to L (6) in the decay channels. TGC verticies are clearly reported under the assumption that the possible effects of L 6 on the direct coupling of the V to leptons are set to zero. It is important to reiterate that setting these contributions due to L (6) to zero in constructing the observable is not equivalent to only removing the parameters that lead to these effects by field redefinitions. The defining condition must be mapped to the field theory using the EoM.
TGC results
TGC verticies have recently come under renewed scrutiny for the SMEFT in Refs. [33] [34] [35] . These analyses descend from the classic works on higher dimensional operators in TGC's [31, 32, 36] that introduced the standard notation [31] (−L T GC ) = iḡ 2 δg
Here the field strengths for the massive gauge bosons are using the short hand notation V µ ν = ∂ µ V ν − ∂ ν V µ , and a number of other notational conventions are present. The mass eigenstate gauge bosons in L SM + L (6) are denoted Z, A, W. Note that the lagrangian parameters in the canonically normalized SMEFT,ḡ 2 ,c θ ,s θ are present defining the anomalous parameters δg Z,γ 1 , δκ Z,γ , λ Z,γ . The overall sign convention is consistent with Ref [31] , indicated in the above equation with an explicit −L T GC , which is opposite the overall sign convention in Refs. [8, 10] . The L SM + L (6) TGC anomalous couplings in the standard basis are given by
13)
14)
Note that these results are expressed in terms of the canonically normalized Lagrangian parameters, includingc θ ,s θ as defined in Ref [10] . A redefinition of the effective mixing angle, to absorb a shift due to C HW B , has not yet been done. The L SM + L (6) TGC anomalous couplings in the O basis are given by [13]
The operator
is not to be confused with the operator O W in the O basis. Including this operator, leads to a flat direction in constraints derived from TGC verticies [37, 38] , as expected [10] . 15 The mixing angles have not been related to input observables as yet in Eqn 4.16. Doing so the dependence on P B + P W is removed and the expressions satisfy δκ Z = δg Z 1 − t 2 θ δκ γ in both bases, as expected [31] .
Relation to input observables
One can absorb the redefinition of the mixing angles in the SMEFT in a finite renormalization. This takes into account how the dependence on C HW B modifying the mixing angle cancels when relating TGC verticies to input observables. Doing so, the deviations in δg Z 1 , δg γ 1 due to C HW B are canceled, and
In Eqn. 4.13, the Wilson coefficients C HW B and C W are present. The Wilson coefficient C HW B need not be related to a pure flat direction in the standard basis. Exchangingḡ 2 in terms of m W , introduces the parameter shifts δm W and δG F . However, the former is already used as a measurement in Eqn 3.8 and the flat direction can be chosen to set δG F = 0, as demonstrated. Similarly exchanging the mixing angles in terms of input parameters cancels the deviations in δg Z 1 , δg γ 1 but does not introduce sensitivity to the remaining flat directions. The defining conditions of the off-shell TGC bounds are inconsistent with choices that can be made for flat directions present due to LEP data. These directions can be chosen so that it is crucial to probe C (3) Hℓ to break the remaining degeneracy, see Eqn 3.9. Breaking this degeneracy can be done by studying exclusive W decay to leptonic final states, as
For example, a process that can remove a degeneracy is exclusive σ(e + e − → ℓlX). Inclusive σ(e + e − → W + W − ) production that includes the ν t-channel exchange can also be used. Bounds on the off-shell TGC vertex do not directly probe these effects, and their defining assumptions assume these effects in the SMEFT are set to zero. The conclusion that TGC verticies are limited in their utility holds in the O basis, but the reasoning is more subtle and involves a functional redundancy. Examining the EoM relations one finds
Hℓ .
(4.17)
Using TGC constructed observables to bound a parameter equivalent to C
Hℓ is functionally redundant. Analyses that use these constructed observables can constrain the field theory in a consistent manner, when the defining assumptions of the TGC verticies are imposed in a basis independent manner, avoiding a functional redundancy. In this case P HW + P W → 0. 16 Measurements of σ(e + e − → W + W − ), are sensitive at the ∼ 1% level to deviations in the coupling of the W , so no pure flat directions are expected in a full analysis using the observables that can lift the flat direction consistently. The nature of the exact numerical bound is worthy of future study. 17 
Triple Gauge coupling verticies and h → V F
In this section, we reexamine the relationship between reported bounds on TCG verticies and the h → V F differential distributions. We ensure that the defining condition of the TGC constructed observable is also imposed consistently when considering this relationship by adopting the strong LEP limit. We demonstrate how accounting for the the subtlety of the functional redundancy, and considering the EoM and makes the connection between these observables vanish in the limit of strong LEP bounds. The importance of the h → V F differential distributions has recently been studied in Refs. [41] [42] [43] [44] [45] [46] [47] . The relationship between these quantities has received some attention in Refs [13, 37, 38] . The arguments of Ref. [13] have been influential and have lead to claims in the recent Higgs review of the PDG [28] .
We focus on the case when V = Z, although the same arguments apply for V = W . In the SM, the result for the offshell gauge boson invariant mass (q 2 ) distribution is given by
The masses here are the physical (measurable) on shell masses of the vector bosons and λ(q 2 , ρ) = (1 +q 2 − ρ) 2 − 4q 2 . The modification of the q 2 distribution due to L (6) is given by
Hℓ + C
Hℓ )
In the O basis the spectrum of interest is given by 
(5.4)
Taking into account the EoM subtlety in the strong LEP limit, imposed to use constraints due to TGC vertex bounds, one finds Consistent between the bases, the TGC verticies are not related to h → V F measurements in this limit. The combinations of Wilson coefficients that vanish in the strong LEP limit appear frequently in calculations using the O basis.
Conclusions
There are 2499 free parameters in the dimension six operator corrections to the SM in the SMEFT. As such, it is inevitable that theoretical and experimental assumptions will be made to simplify the study of the SMEFT. Although this can be done in a consistent manner using approximate symmetries that constrain the S matrix, it is likely that constructed observables will also be used. Any operator basis can be used to study the SMEFT and no basis is superior or inferior to any other. At the same time, it is an unfortunate fact that the potential for a functional redundancy in the O basis is directly related to imposing the assumption of a SM like V coupling to leptons in future experimental studies, i.e the limit of strong LEP constraints in constructed LHC observables.
We have illustrated the issues involved in avoiding the potential inconsistencies of constructed observables considering the oblique parameters, TGC verticies, and the relation between the TGC verticies and the h → V F spectra. Using multiple bases, and keeping note of the EoM relations between bases can make the non intuitive constraints, and defining conditions, of constructed observables transparent.
As the data set from LHC advances, ever more complicated final states will be studied, and derived constraints -or deviations -in such measurements will be incorporated into the SMEFT. It is essential that such studies are performed in a consistent and basis independent manner when constructed observables are used.
Here [D α , F αβ ] is the covariant derivative in the adjoint representation and y i are the U (1) hypercharges of the fermions. 18 The EoM relate operators with a different set of fields and can lead to non intuitive physics, which is required for the basis independence of the field theory.
